.6-13.8, P < 0.005), prior treatment (laser ± anti-VEGF) (OR 2.5; CI 1.4-4.7, P < 0.005) surgery with 25G MIVS (vs. 23G) (OR: 1.7; CI = 0.98-3.00, P = 0.05) and LSV (vs. LV) (OR 7; CI = 3.4-14.6, P < 0.005). Retinal break was significantly associated with poor anatomical outcome (OR 0.21; CI = 0.09-0.5, P < 0.005). Conclusion: MIVS along with wide angle viewing systems allow surgeons to effectively manage ROP surgeries while at the same time reducing complication rate in these eyes which have complex pathoanatomy and otherwise grim prognosis.
Retinopathy of prematurity (ROP) develops in premature and low birth weight infants born with incomplete retinal vascularization. CRYO-ROP and ETROP (Early treatment Retinopathy of prematurity) trials gave an insight into the natural history of the disease and established management guidelines. [1, 2] The ETROP study showed that, despite screening and prompt management, approximately 12% of the eyes can progress to retinal detachment due to proliferative retinopathy. [2] Furthermore, lack of awareness, lack of availability of specialized care and access to timely screening further complicates the management of this potentially blinding disease in developing countries like India, especially in view of improved survival of extremely premature infants (22-26 week gestational age). [3] Once tractional retinal detachment (TRD) sets in, surgical intervention in the form of vitrectomy becomes essential to relieve the traction and to eliminate the scaffold for further fibrovascular growth as well as remove the excessive levels of vascular endothelial growth factors (VEGF). [4, 5] Microincision vitrectomy surgery (MIVS) has the advantage of minimal ocular surface disruption, increased the ability to access in between tight retinal folds by the surgeon and reduced surgical trauma resulting in faster and better postoperative recovery. [6] It is being almost universally used for most of the vitreoretinal procedures. The present study reports the anatomical outcome of MIVS performed in eyes with retinal detachment due to ROP in Indian infants.
The primary outcome measure was the proportion of eyes that achieved anatomical success, defined as attached retina at the posterior pole at the last follow-up. Complications associated with MIVS were noted and analysis of risk factors associated with poor anatomical success was done.
Surgical technique
All surgeries were performed under general anesthesia after obtaining an informed written consent for surgery from the parents. 23, 25, or 27 gauge (G) systems were used [ Fig. 1 a] . The Alcon Constellation system was used with a vacuum of 100-300 and cutting rates of 1000-5000 cuts per minute. In eyes with posterior synechiae/inadequately dilating pupil, temporary iris hooks (Grieshaber, Switzerland) were used.
In lens-sparing vitrectomies (LSVs), sclerotomies were placed 1-1.5 mm from limbus, carefully avoiding areas with presence of anterior retinal folds as seen after indirect ophthalmoscopy, to avoid the occurrence of retinal break or dialysis during vitrectomy. Three-port vitrectomy was done as it allows easy exchange of instruments during surgery without causing hypotony. Some modifications from the conventional MIVS technique were necessary for these small eyes. For superior two sclerotomies trocar, cannulas were not used if the palpebral fissure was too small to allow manipulations with the trocar cannulas in situ. In those cases, direct sclerotomies were made using microvitreoretinal (MVR) blade. To facilitate bimanual membrane dissection, combination instruments like infusion cannula with light pipe were used whenever deemed necessary as per surgeons' judgment. 25 G chandelier illumination was used for 4-port vitrectomy as and when required [ Fig. 1b] Preretinal membrane removal to the extent possible was done without causing iatrogenic breaks. Purpose of the surgery was removal of preretinal membranes and proliferative tissue causing "ridge to ora serrata," "ridge to ridge," and "ridge to lens" traction.
Lensectomy with vitrectomy (LV) was performed in all cases with Stage 5 ROP with retrolental fibroplasia (RLF) [ Fig. 1c and d] , and selective Stage 4 cases where traction was too peripheral or the ridge was too close to the posterior capsule to spare the lens. Limbal approach for surgery was preferred for some cases where the retina was pulled up very anteriorly while pars plicata approach similar to LSV was done in others. In the limbal approach side ports at the limbus were used to introduce the 23/25/27G instruments in the eye to remove the lens as well as complete the dissection. The lens was removed using a vitrectomy probe under low suction. In Stage 5 ROP with RLF, this was followed by cruciate incisions into the RLF to expose the underlying retina. Although initial dissection was performed bimanually under viscoelastic fill under coaxial illumination of the operating microscope, anterior chamber (AC) maintainer to keep the IOP under control during surgery was used in all cases. The preretinal tissue was removed to extent possible using 23/25 gauge intraocular forceps and scissors (Alcon, Fort Worth, Tex). The dissection was continued till the posterior funnel was opened up with removal of the fibrous stalk from the optic nerve head (ONH) that held the retina along the central axis. Peripheral trough (formed between peripheral avascular retina and retinal fold from ridge) was then opened up all around by careful dissection using the Microvit and/or curved scissors using Binocular Indirect Ophthalmic Microscope ([OCULUS Optikgeräte GmbH, Germany]) for wide angle view intraoperatively [Fig. 1a ].
The sclerotomies were sutured as and when required with 7-0 vicryl (Ethicon US) and the limbal stab incision sutured with 10-0 nylon (Ethicon, USA) making sure the eye is normotensive at closure after careful removal of the AC-maintainer.
The babies were followed up in the initial postoperative period as well as at 1-2 months interval to evaluate the retinal status using indirect ophthalmoscopy. Eyes with minimum of 6 weeks follow-up were included in the analysis.
Statistical analysis was performed with SPSS version 15 (IBM Corporation, Armonk, New York, United States). Categorical data were analyzed using Chi-square test, and continuous data were analyzed using Mann-Whitney U-test and one-way ANOVA. Univariate and multivariate analyses were done by logistic regression for evaluating possible prognostic factors associated with anatomical outcomes. 
Results
A total of 202 eyes of 129 premature infants underwent MIVS for TRD secondary to ROP during the study period. Mean gestational age was 29.5 ± 2.8 weeks (range 24-38 weeks). Mean birth weight was 1327 ± 440 g (600-2600 g) and mean age at first presentation was 18.15 ± 12.3 weeks (4-48 weeks). Both eyes underwent surgery in 73 (56%) of 129 children and 52% were male infants [ Table 1 ]. Mean age at presentation in Stage 4 ROP (2.9 ± 1.75 months) was lower than that in Stage 5 (5.62 ± 2.55) (P < 0.005). Mean age at the time of surgery was 22.2 ± 11.5 weeks (range 6.1-66 weeks).
Of the eyes which underwent surgery, 117 (58%) were Stage 5, 38 (19%) were Stage 4a, and 47 eyes (23%) were Stage 4b [ Fig. 1e and f]. A total of 94 eyes (47%) had received prior treatment in the form of laser, anti-VEGF or both [ Table 2 ]. As shown in Table 2 , a total of 88 eyes undergoing surgery had received prior laser treatment, of these 34 eyes (39%) were Stage 4a, 32 (36%) were Stage 4b, and 22 (25%) were LSV was performed in 58 (29%) of the eyes while LV had to be performed in 144 (71%) of the eyes [ Table 3 ]. Among LV surgeries, 23, 25, and 27G MIVS systems were used in 73 (50.7%), 69 (47.9%), and 2 (1.4%) eyes, respectively. For LSVs, 23G and 25G systems were used in 23 (40%) and 35 (60%) eyes, respectively. Limbal entry was performed in 56 (47.8%) eyes undergoing LV.
After a mean follow-up of 32.5 weeks (6-156 weeks), a total of 102 (50.5%) eyes achieved anatomical success, which included Eyes that had prior laser had 3.27 times higher chance of retinal reattachment as compared to eyes without laser (P < 0.005); eyes with anti-VEGF injection with or without laser had 2.51 times better chance of anatomical success (P < 0.005). Thirty-eight of 57 eyes (67%) in combined pretreatment group versus 19 of 31 eyes (61%) that received only prior laser achieved anatomical success (P = 0.6). Eyes which received any prior treatment (laser and/or anti-VEGF) were associated with better anatomical outcome compared to those with no prior treatment (odds ratio Surgery was continued in 14 of these eyes with additional retinopexy (cryotherapy or endolaser ) with or without endotamponade. Silicone oil was used in 7 and C3F8 in 2 eyes. However, SOR at the last follow-up was done only in 1 patient. In other eyes, oil was in situ till last follow-up (mean follow-up 48 weeks). Only 8 (21%) of these 38 eyes achieved anatomical success. Of these, 3 eyes were Stage 4, and 5 were stage 5.
Postoperative vitreous hemorrhage was seen in 28% (56 of 202) eyes. It was seen in 34% (33 of 96) eyes operated using 23G MIVS while it was 22% in the 25G group (23 of 104 eyes) (P = 0.05). Of the total 63 eyes which received prior anti-VEGF, postoperative vitreous hemorrhage was noted in 16 (25%) eyes. In the remaining 139 eyes, it was noted in a total of 40 eyes (29%) (P = 0.7). Raised intraocular pressure during postoperative period was encountered in 13 (12.7%) of the 102 eyes with attached retina at final follow-up. This included 10 of 56 eyes with retinal reattachment (17.8%) following LV surgery versus 3 of 58 eyes (5.2%) that underwent LSV (P = 0.04). Three of these required a glaucoma filtering procedure while the others were managed on topical antiglaucoma medications. Postoperative cataract progression requiring surgical intervention occurred in 2 of the eyes (2.4%) that underwent LSV.
None of the eyes developed endophthalmitis, postsurgery choroidal detachment, or hypotony.
Univariate logistic regression analysis [ Table 4 ] showed that factors that were significantly associated with positive anatomical outcome were Stage 4 disease, prior treatment (laser ± anti-VEGF), and LSV. Eyes undergoing surgery with 25 G MIVS did better than those with 23 G MIVS (OR: 1.7; CI = 0.98-3.00; P = 0.05) On the other hand, a retinal break was significantly associated with poor anatomical outcome (OR 0.21; CI = 0.09-0.5, P < 0.005).
Discussion
ROP in India is on the rise. With India being in the third epidemic, the number of eyes needing surgery is also increasing. [3] The babies in our study were seen to have an average birth weight of 1327 g, with 28% of babies having birth weight of more than1500 g, and 15% babies having birth weight of more than 1750 g. Among Stage 5 babies 14.5% had birth weight more than 1750 g emphasizing yet again the increased prevalence of the disease in heavier babies in Indian subcontinent as seen by other authors. [7, 8] Fifty-three percent of the eyes had no treatment at all before presentation, and almost 80% of these eyes with no prior treatment had Stage 5 ROP, the severest form of the disease. The lack of proper screening and timely treatment leading to Stage 5 disease has also been seen by Sanghi et al. [9] The margin of error is extremely low, due to the peculiar vitreoretinal pathoanatomy of detachments associated with ROP. The outcomes for Stage 4 and Stage 5 ROP after vitrectomy with 20 G have been between 62%-92% and 13%-42%, respectively. [10] [11] [12] [13] [14] With 25-gauge vitrectomy, the outcomes reported are 81%-100% for Stage 4.
[ [15] [16] [17] There are not many reports for MIVS in Stage 5 ROP especially for those presenting with RLF. In the present study, we present our experience with MIVS in both Stage 4 and 5 ROP.
Smaller gauge of instruments allows easy access is allowing better and safer removal of fibrovascular tissue in these small eyes. The higher cut rate, smaller internal diameter, and low controlled vacuum of dual pneumatic cutters allow superior cutting efficiency and increased cut rate, without affecting flow and duty cycle (amount of time during the cutting cycle that the port is open). [6] Hence, flow through cutter can be maintained at higher cut rates with less traction when working close to retina. [6] Furthermore, the presence of the cutter port close to the cutter tip in MIVS reduces likelihood of inadvertent increased vitreoretinal traction and retinal break formation intraoperatively. We were able to complete the surgery in 81% eyes without retinal break formation.
Twenty-five Gauge chandelier system with powerful light sources like LED also allows 4-port vitrectomy which makes bimanual surgery possible throughout the procedure, allowing access to the tough preretinal membranes. Four-port PPV was done in 20% eyes in our study. MIVS also allows use of combination instruments; for example, in nearly 20% of eyes in our series, infusion cannula with endoilluminator was used, again facilitating bimanual surgery. Anatomical outcome with 23/25 G MIVS [ Table 4 ] was similar to the anatomical outcome with 20 G LSV as reported earlier from our center. [14] However, the results for Stage 5 were significantly improved. The use of wide angle viewing system along with a smaller gauge of microvit or curved scissors immensely improved the ability of the surgeon to visualize and access the "peripheral trough" allowing complete opening up of the RD so as to achieve a better result. A previous report from our center reported the successful anatomic outcome in up to 23% of eyes with Stage 5 ROP as compared to 33% seen in the present study with MIVS. [10] Furthermore, smaller gauge of instruments permits entry through the limbus for LV, thereby reducing the risk of dialysis which can occur during entry from pars plicata sclerotomies in advanced Stage 5 ROP with RLF. In our study, limbal entry was made in 48% of eyes. Limbal entry with the use of iris hooks and use of wide angle viewing devices also obviated the need to cut or disinsert the iris as was described by previous surgeons in Stage 5 surgeries. [10, 18] This considerably reduces the surgical trauma.
Although earlier reports of LSV described in literature are 2-port vitrectomies, [19] increasingly 3-port vitrectomy is being preferred by various surgeons. [20] This ensures continuous flow of infusion and allows surgeon to switch hands without risk of transient hypotony. Because of the smaller gauge of instruments used in MIVS, 3-port vitrectomy is almost always possible. Elevation of IOP during surgery is also very prompt and effective with improved fluidic system in MIVS. This is particularly useful to prevent intraoperative bleed during surgery in extremely vascular eyes. Postoperative vitreous hemorrhage was seen in 28% of eyes in our study (34% in 23G vs. 22% in 25G; P = 0.05). Choi et al. in their series of Stage 4 and 5 ROP with 20 G reported postoperative intraocular hemorrhage in nearly 43% of cases. [11] Lens opacities after LSV have been documented in 5%-37% of eyes with increasing incidence after prolonged follow-up. [21, 22] In our case series, it was 2.4% though our follow-up was less.
Nearly, 72% (147/202) of the eyes needed suturing after MIVS; 90.6% in 23G and 55.2% in 25G surgeries needed suturing (P < 0.01). Sclerotomy closure was definitely necessary when MVR was used to make sclerotomies without the use of the cannula. There was no statistically significant difference in the incidence of postoperative IOP rise between the two systems (23G [12.5%] vs. 25G [8%], P = 0.3).
This modification of technique with suturing of the sclerotomies as well as conjunctiva for infants undergoing pars plicata MIVS has also been described by Gonzales et al. [23] It is often necessary because of the low scleral rigidity in pediatric eyes because of which self-sealing effect of the MIVS may not always be successful. Furthermore, even a minimal transient hypotony in these eyes may result in bleeding from the vascular ridge. We also found that partial fluid air exchange at the end of surgery as was advocated earlier at the end of LSV is also not necessary since with the reduced size of sclerotomies vitreous prolapse is minimal. This along with sutureless sclerotomies in some cases can reduce surgery time as well.
MIVS in these young infants also has many associated challenges/difficulties requiring special consideration. Due to the small interpalpebral fissure, sclerotomies need to be placed closer to the horizontal meridian, to allow more room for manipulation of instruments. At times these instruments may need to be used without the trocars to create space for manipulation and rotation of the globe without hindering or distorting the surgeon's view. Furthermore, sclera in these children is too thin to support the weight of cannula, which has a tendency to rotate/torque easily possibly causing a lens touch or suprachoroidal/subretinal infusion. Hence, it must be secured by use of a sterile adhesive tape. The length of the present MIVS instruments is long (32 mm); inadvertent injury to the pulled up or folded retina may happen with the sharp tip while inserting the trocar. A sudden jerky movement while inserting the trocar assembly may also increases the risk of injury to retina. This can be minimized by use of MVR to make sclerotomies. Future use of short pediatric 25+ instruments with smaller shaft size has been made to address this issue. [6] In the early period of the study, 25G instruments did show some malleability issues, but over time the instrument rigidity and designs have significantly improved. [6] We had more surgeries with 23 G in the early time period and more with 25 G later. This is also the reason because of which in this time period hardly any 27G instruments have been used. Table 5 summarizes other recent studies reporting surgical outcomes in ROP. [10] [11] [12] [13] [14] [15] [16] [17] [24] [25] [26] [27] In the 20G era, the reported outcome for Stage 4 ROP ranges from 60% to 90%, decreasing to 13%-40% for Stage 5 disease. Reattachment rates, similar to our series after LSV, were reported to be 82.1% for Stage 4a, 69.5% for Stage 4b, and 42.6% for Stage 5 in a large case series by Nudleman et al. [26] Phenotypes of ROP may differ in different parts of the world due to differences in resources available for prenatal care as well as oxygen regulation, and hence, statistical comparisons may not always be justified. [28] In our study, Stage 4 was seen in patients who had progressive disease in spite of previous treatment in most of the cases. Plus disease was seen in 52% of Stage 4a and 25.5% of Stage 4b; also large number of eyes with Stage 4a and 4b received prior anti-VEGF treatment because of active disease at the time of surgery (51% and 59.5% for 4a and 4b, respectively). Presence of plus disease and active neovascularization at the time of surgery are known poor prognostic factors for successful reattachment of the retina. [29] In our study, 15 of the 22 eyes (68%) with Stage 4 plus disease achieved anatomical success vis-a-vis 48 of 63 eyes (76%) without plus disease (P = 0.6). There was also no significant difference in the incidence of intra/postoperative hemorrhage among the 2 groups (seen in 8 out 22 eyes [36%] with plus disease vs. 26 of 63 eyes [41%] with no plus disease, P = 0.8). This could be a drawback of retrospective analysis (selection bias/confounding). Cases with plus disease were also more likely to receive prior anti-VEGF injections and laser treatment which are independent factors influencing anatomical outcome in our study.
Stage 5 disease was largely cicatricial with a history of preoperative anti-VEGF in only12.8% eyes. The need to perform lensectomy-vitrectomy as seen in our study has also been reported to be associated with poor surgical outcome. [30] This could be expected since lensectomy was in general performed in eyes with more advanced and/or anteriorly located pathology. Stage5 ROP had significantly worse anatomical outcomes compared to Stage 4 cases and expectedly so. [10, 11, 27] We also divided the babies who underwent surgery for Stage 5 into 3 age groups: <3 months of age, 3-9 months, and >9 months of age and found that proportion of eyes with stage 5 ROP achieving anatomical success postsurgery was two times higher in the 3-9 months (28/83; 34%) age group as compared to <3 months (3/20;15%) group (P = 0.05). However, Stage 4 eyes did not reveal a difference in outcome among different age groups (40/48 [71%] in <3 months group and 23/28 (82%) in 3-9 months group; P = 0.9). This signifies that children reaching Stage 5 very early on had very severe disease to start with and the outcome was poorer in these eyes. Severe disease in these eyes may have caused early onset of Stage 5 disease which even if operated early had a poor prognosis.
Prior treatment with laser or anti-VEGF or both showed significant association with good anatomical outcome on univariate analysis but was not significant on multivariate logistic regression analysis [ Table 5 ]. This can be explained by the fact that significantly higher proportion of Stage 4a (90%) and 4b (77%) eyes had received prior treatment compared to Stage 5 (20%) eyes [ Table 3 ] which was an independent factor influencing surgical outcome. This is one of the largest series reporting surgical outcomes for advanced ROP with MIVS in the Indian population. Retrospective design, limited long-term follow-up are limitations of our study. Furthermore, experience with 27 G MIVS is limited because of non-availability of all the instruments at the time of this study. 
Conclusion
Advanced ROP needing surgery is here to stay, and MIVS along with wide angle viewing systems and dual use instruments has increased options available to surgeons to manage these complex surgeries. Smaller gauge is better, especially for smaller eyes. Almost all cases can be done with it. It improved our Stage 5 RD reattachment rates and reduced the complication of cataract and vitreous hemorrhage for Stage 4 ROP as compared to previous studies with 20 G. Still many more innovations and modifications need to be made to make MIVS more suitable for these small eyes. Still many more innovations and modifications need to be made to make MIVS more suitable for these small eyes. Instrumentation however,may not be the only factor governing the outcome of the disease and challenges remain. Better screening strategies allowing timely treatment to prevent these advanced stages of ROP is the best way forward.
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